Abstract. Similarity among representations held simultaneously in working memory (WM) is a factor which increases interference and hinders performance. The aim of the current study was to investigate age-related differences between younger and older adults in a working memory numerical updating task, in which the similarity between information held in WM was manipulated. Results showed a higher susceptibility of older adults to similarity-based interference when accuracy, and not response times, was considered. It was concluded that older adults' WM difficulties appear to be due to the availability of stored information, which, in turn, might be related to the ability to generate distinctive representations and to the process of binding such representations to their context when similar information has to be processed in WM.
Working memory (WM) can be defined as a system responsible for the ability to hold and manipulate information for ongoing processing. WM has proved to be useful for understanding a wide range of cognitive behaviors (e.g., calculation, reading comprehension, problem solving, reasoning) as well as for understanding cognitive difficulties associated with aging (e.g., Borella, Ghisletta, & de Ribaupierre, 2011) . A prominent property of WM is its limited capacity, since it can store only small amounts of information. A contributing factor to the capacity limit is interference among the representations held simultaneously.
Interference may arise between memory items that must be maintained in WM and other representations involved in a concurrent processing task. Different studies have shown a decrease in recall performance when the representations used in a WM task for processing and storage are similar (Conlin, Gathercole, & Adams, 2005; Li, 1999; Shah & Miyake, 1996; Wickelgren, 1965) . In addition, interference may occur between items to be held in memory simultaneously. When the information in a list is similar (e.g., phonological similar items), items are prone to be confused at the moment of recall (e.g., Baddeley, 1966; Conrad, 1964) and representations of these items may become degraded, leading to a decrease in performance.
Similarity effects in WM may be explained through the idea of representation-based interference. From this account the information in WM is represented as bundles of features (Nairne, 1990; Oberauer & Kliegl, 2006) . Representational overlap occurs when the representations of two items stored in memory share some features, or when representations generated during the processing episodes (i.e., the concurrent task) share some features with those representations generated from the encoding of the to-be-remembered items. When, as in the previous cases, two representations in WM share a feature, only one can maintain the shared feature whereas the other representation will lose that feature. This mechanism, known as feature overwriting, generates a degraded representation of the information in WM. Thus, interference is the result of the competition between both representations for common features and of the subsequent degradation of the representation that loses these features. The greater the representational overlap is, the lower quality of the underlying representations. Oberauer et al. have specifically shown that representational overlap and an overwriting mechanism may mediate interference effects among the information held in WM (Lange & Oberauer, 2005; Oberauer, 2009a; Oberauer & Lange, 2008) .
There is much evidence about the greater susceptibility of older adults to interference. A number of studies have revealed that older adults are more vulnerable than younger adults to interference from irrelevant information previously maintained in the WM across different time intervals. For instance, May, Hasher, and Kane (1999) found that agerelated performance in a classic WM task (i.e., reading span task) declines as more trials are administered and this was attributed to the increase of proactive interference (see also Carretti, Mammarella, & Borella, 2011; Emery, Hale, & Myerson, 2008; Lustig, May, & Hasher, 2001; Robert, Borella, Fagot, Lecerf, & de Ribaupierre, 2009 ). Other studies using updating tasks have also found that older adults made more intrusion errors in recall -recalling off-goal information -than younger people (De Beni & Palladino, 2004; Fiore, Borella, Mammarella, & De Beni, 2012) . Thus, the ability to cope with proactive interference has been considered as a source of age differences in working memory tasks.
Furthermore, there is also some evidence about agerelated differences in vulnerability to interference generated from information to be processed and to be recalled in a WM task. Li (1999) manipulated the similarity between material used in a WM task for processing (numbers) and storage (numbers or words). She found that older adults showed poorer WM recall performance than young adults in the similarity condition, in which both the recall and the to-be-processed information were numbers; but these age differences were attenuated in the non-similarity condition.
Given those findings about the greater vulnerability of older adults to different types of interference, it is also possible that mutual interference arising from items held simultaneously in WM has a greater detrimental effect on older adults' performance than on that of younger ones. In particular the amount of interference caused by the similarity of the information maintained simultaneously could determine age-related differences between younger and older adults. Therefore, in the current study, we investigated (i) whether older adults are more susceptible than younger adults to the interference caused by other contents held simultaneously in WM, and (ii) the extent to which the similarity between the elements in WM increases such interference.
To this end, a new numerical updating task in which the participants had to access two objects in WM and update their content was used (Lendínez, Pelegrina, & Lechuga, 2011a) . In this task two elements have to be maintained simultaneously in WM, since they might be relevant for future use. Thus, the need to hold different elements in WM requires differentiation between their representations. In this situation, interference increases as representations to be held are more similar (Lendínez, Pelegrina, & Lechuga, 2011b) .
The task involved memorizing two initial numbers which appeared in each of two geometric figures. Then, a series of items consisting of a new number inside a figure were shown in sequence. The participants had to memorize the number when it was lower than that previously memorized with the same shape. The similarity between the numerical information associated with each object was manipulated by using decades which were either the same or different. It was expected that similarity between the contents of WM would produce interference and, as a result, a decrease in recall accuracy and an increase in response times. Moreover, we hypothesized that to the extent that older adults are more vulnerable to this type of interference, they should be more affected by the similarity manipulation than younger adults.
Additionally, we examined whether age-related changes in focus switching could be detected in this novel task. Previous studies have shown age-related differences in the effectiveness with which people perform focus switching in WM. Specifically, older adults have been found to be impaired in the accuracy with which they can retrieve information stored outside the focus of attention (Van Gerven, Meijer, Prickaerts, & Van der Veen, 2008; Vaughan, Basak, Hartman, & Verhaeghen, 2008, Exp. 1; Verhaeghen & Basak, 2005; Verhaeghen & Hoyer, 2007) .
Given that the previous results were obtained using the n-back task, the use of a different task will give us the opportunity to generalize these results. To assess focus switching, some lists were built with items -numberswithin the same geometric figure, so that there was no need to switch from one object to another (single-lists condition). In other lists, items within two different figures were shown, so that the participant had to switch from one element to another during the list (mixed-lists condition). Both response time and accuracy were considered in order to determine whether the patterns for each dependent variable are also similar as a function of the age group considered.
Method Participants
Participants were two groups of 23 young and 19 older adults. Younger participants were students at the University of Padova with ages ranging from 19 to 25 years (M = 22.43; SD = 1.88). Older participants were between the ages of 57 and 74 years (M = 66.53; SD = 3.95). They were recruited from universities of the third age and from social clubs, and were active in their neighborhood cultural and social activities. Any participant meeting the exclusion criteria proposed by Crook et al. (1986) (i.e., history of head trauma; any neurological or psychiatric illness; history of brain disease; dementia or any other state of consciousness alteration; use of benzodiazepines in the previous 3 months; use of illicit drugs; visual, auditory, or motor impairment; any symptomatic cardiovascular condition, breathing problems, or pathologies causing possible cognitive impairments) was not included in the study. Their Mini-Mental State Examination score was also above 26, showing no global cognitive decline. Their education level was equal to or above the minimum compulsory level required by the Italian educational system (i.e., 8 years).
Procedure
We used an adapted version of the double-counting task (Garavan, 1998) in which numerical comparisons had to be performed (Carretti, Cornoldi, & Pelegrina, 2007; Lendínez, Pelegrina, & Lechuga, 2011a) . Initially, participants were presented successively with two-digit numbers between 11 and 99 which appeared inside two figures: a triangle or a rectangle. Participants had to memorize these numbers. Then, 10 self-paced trials were presented, showing a two-digit number inside a figure. Participants had to compare the new number presented with that maintained in memory associated to the same figure and hold the lower number in memory for future comparisons. When each comparison was completed, the participants had to press the Enter key to continue with the next item. Response-stimulus interval was set at 250 ms.
In 50% of the items there was an update operation, as the number presented was smaller than the number maintained in memory. In the other 50% of the items the number presented was larger than the number maintained in memory and had to be discarded. The absolute difference between the number maintained in memory and that presented ranged from 1 to 6. At the end of the list, participants were required to type the smallest number associated to each figure.
Following Kessler and Meiran (2006) there were two types of lists: 30 single and 60 mixed. The first item in each list was always a rectangle and the second a triangle. In the single-lists condition, all the items following the first two items were within the same figure: either a rectangle or a triangle. In half of the single lists the figure was a rectangle and in the other half it was a triangle. In these lists there was no need to switch from one object to the other since the new item had the same figure shown in the previous one. Thus, in single lists, after memorizing the two initial numbers, participants had to update only one of them, and finally recall the number for each shape: the updated and the non-updated.
The mixed lists contained items with both shapes, and as a consequence the participant had to switch from one object to the other when the figure presented was different from the previous one. This happened in half of the items. Then, in mixed lists, participants had to update numbers associated with the two shapes and finally type the number for each figure.
In the whole experimental session the lists were organized in three blocks. The first and the third blocks had 15 simple lists each. The second block was made up of 60 mixed lists.
There were two types of lists depending on the similarity condition. In half of the lists there was high overlap between the two numbers in memory since the initial numbers associated with the two figures had the same decade (e.g., 45 for the triangle and 48 for the rectangle). In the other half of the lists the degree of overlap was less pronounced because the initial numbers had different decades (e.g., 25 for the triangle and 48 for the rectangle).
Participants were given instructions to be as fast and accurate as possible. Before the experimental session, the participants performed four practice trials with single lists and four with mixed lists, so that they were familiar with the procedure. E-Prime was used for the presentation of stimuli in the experimental tasks and for registering times, from the presentation of the item until the keypress, as well as accuracy. Dependent variables were correct recall (computed in percentage) and response times (see details below).
Results

Recall
A participant in the young group was discarded because of very low recall (56%) in the single-list condition.
The percentage of recall was computed for each condition considering that two numbers had to be recalled at the end of each type of list: single and mixed. An ANOVA was conducted on the percentage of recalled items, with age group (young vs. old) as a between-participants variable and type of list (single vs. mixed) and similarity (low overlap vs. high overlap) as within-participants variables. There were no differences between younger and older participants in the amount of information recalled, F(1, 39) = 1.99, p = .16, g 2 p = .05. Participants showed a slightly higher recall in single lists (M = 90.55, SE = .96) than in mixed ones (M = 88.14, SE = 1.18), F(1, 39) = 4.60, p < .05, g 2 p = .10. As can be observed in Table 1 , similarity also had an effect on recall, as recall percentage in the high overlap condition was lower (M = 86.42, SE = 1.26) than in the low overlap condition (M = 92.27, SE = .81), F(1, 39) = 70.83, p < .001, g 2 p = .65. Most importantly, the interaction Age · Similarity was significant, F(1, 39) = 10.77, p < .005, g 2 p = .22. Post hoc analyses with Tukey test, adjusted for multiple comparisons with Bonferroni correction, showed that both groups performed better in the low overlap condition than in the high overlap condition (M diff = 8.11 for older adults, M diff = 3.56 for younger adults); however, age differences emerged only in the high overlap condition with older adults performing worse than younger adults (M diff = 4.87, p < .05).
Response Time
Response times from practice lists and from the incorrectly recalled lists for both shapes were excluded from analyses. Response times lower than 200 ms and higher than the participant's mean by condition by more than 3.5 standard deviations were also discarded. This represented 1.03% of observations in correct lists. All response times were logtransformed, in order to convert proportional differences in response time due to general slowing with age into additive differences (Cerella, 1990) . Untransformed data are used in reported means. Given that response times were recorded for each item in the list, it was possible to analyze performance on three different types of trials related to object switch. As in the previous analyses, there were non-switch trials from single lists; and in addition there were two types of trials from the mixed lists: Non-switch trials when the same figure was presented consecutively, and switch trials when the two figures were presented consecutively. This makes it possible to obtain both a switching and a mixing cost. Mixing cost is the difference between the time spent in the non-switch trials from single and mixed lists, and denotes the cost associated with having more than one updateable object (Kessler & Meiran, 2006) .
Log-transformed response times were submitted to an ANOVA with age group (young vs. old) as between-participant variable and type of object switching (no switchsingle, no switch-mixed, switch-mixed) and similarity (low overlap vs. high overlap) as within-participants variables. All the main effects were significant. Firstly, older adults showed longer response times (M = 2015.88, SE = 107.41) than younger ones (M = 1161.11, SE = 99.81), F(1, 39) = 37.46; p < .001, g 2 p = .49. Secondly, type of object switching also had a significant effect on response time, F(2, 78) = 119.17, p < .001, g 2 p = .75. Bonferroni adjusted post hoc comparisons indicated that the difference between response times in the two non-switch trials (mixed cost) was significant (p < .001) due to shorter times in non-switch trials from single list (M = 1252.63 ms; SE = 62.97) than in non-switch trials from mixed lists (M = 1660.47 ms; SE = 77.69). The difference between the non-switch and switch trials from mixed lists (switching cost) was also significant (p < .001). Response times in nonswitch trials were faster than in switch trials from mixed lists 1 (M = 1852.37, SE = 86.14). Finally, as shown in Table 2 
Discussion and Conclusion
The main aim of this study was to examine age differences between younger and older adults in a new numerical WM updating task in which the interference caused by the similarity between the information and focus switching was manipulated. Results showed that even when both the similarity and switching manipulations were effective in showing the different effects both on recall and response times, age differences appeared mainly related to the similarity of the information and only when accuracy was considered.
Our results have indeed shown that the relationship between the information associated with two different elements in WM affects performance. Specifically, similarity increases response time and also decreases recall accuracy. A similar result has also been obtained in a task including only mixed lists (Lendínez et al., 2011b) . These new similarity effects with numerical information can be explained by It should be noted that the switching effect can be also calculated by comparing response times in single and mixed lists. This is analogous to the procedure followed in studies using the n-back task, where the switching cost is defined as the difference between the response times in the N = 1 and in the N > 1 versions of the task (e.g., Verhaeghen & Basak, 2005) . These analyses were also run and showed the same pattern.
2
Given that there were updating and not updating trials in the task, we conducted an additional analysis including updating as an additional within-participant factor in order to ascertain whether older adults' response times were more affected by overlap in the more demanding updating trials. This analysis showed a significant effect of updating, F(1, 39) = 74.76, p < .001, g 2 p = .66, as response times were higher in updating (M = 1706, SE = 78.69) than in non-updating trials (M = 1482, SE = 70.36). However, even when the updating effect was clearly observed no significant interactions were found with age group. Specifically, the interactions Updating · Age Group, F < 1, and Overlap · Updating · Age Group, F(2, 78) = 1.81, p > .17, g 2 p = .04, were both nonsignificant.
features-based models of short-term memory. As a consequence of the distributed representations, when similar items are included in a list, there is competition between them for the shared features, and one of them loses some of these shared features. This leads to partially degraded memory traces, which in turn lead to retrieval errors (Nairne, 1990; Neath, 2000; Oberauer & Kliegl, 2006) . Thus, the similarity effect found in the current study might reflect the interference caused when two different elements in WM share certain features that are overwritten. The features involved in this effect may be of different types. They could be semantic or related to numerical magnitude; as numbers of the same decade are closer than numbers of different decades and close numbers share more features. In addition, shared features could be phonological, given that two numbers from the same decade share their initial syllables. More research is needed to elucidate the exact nature of the shared features related to this similarity effect. On the other hand, as will be discussed below, it could not be excluded that more similar items may be confused at recall. This would happen as a consequence of poor discrimination between recall candidates.
It is important to note that similarity had the same effect in single as in mixed lists. According to the Oberauer's WM model (2002 , 2009b , in mixed lists the number associated to the current shape has to be activated in the focus of attention that holds only the object actually selected for immediate processing, whereas the other number must be held in the direct-access region, ready to be accessed. Thus, interference in these lists arises from the representation held in the focus of attention and that activated in the direct-access region. On the other hand, in the case of single lists, in which switching is not needed, the number associated to the updateable figure must be maintained in the focus of attention, whereas the number associated to non-updateable shape can be held passively in the activated long-term region, since access to this content is not required until the end of the list (see Oberauer, 2002) . Consequently, the interference found in single lists must arise from the interaction between the representation held in the focus of attention and that maintained in activated long-term memory. Oberauer (2002 Oberauer ( , 2009b assumes that representational interference is a main cause which limits the capacity of the direct-access region and hence of WM in general. The present findings could thus indicate that the content in the focus of attention is also susceptible to similarity-based interference originated by other elements held simultaneously in other regions of WM.
Another new and important finding in this study is that older adults are more susceptible than younger adults to similarity-based interference in WM, over and above agerelated decline in processing speed. Indeed, although the similarity manipulation had a clear influence on response time, the slowing-down was equivalent in both the age groups. This indicates that the negative effect of similarity on the time to process the information is equivalent in younger and older adults. In contrast, when recall accuracy is considered, the similarity had a greater detrimental effect on the performance of older adults in comparison to younger adults. The different patterns obtained in both dependent variables may indicate that the age differences are due to the availability of information, rather than to their accessibility (McElree, 2001) . That is, older adults would have more difficulty in processing information accurately in WM, rather than in accessing information. This might suggest that older adults store more degraded representations in WM. Neath and Surprenant (2007) have modeled successfully age-related changes in the phonological similarity effect. In their simulation, they assumed that older adults suffer from a more impoverished representation in comparison to young adults. Other authors have argued that representational mechanisms are compromised with age and the older adults would be less able to generate distinctive representations (Reuter-Lorenz & Jonides, 2007) . Thus, when similarity-based interference increases the degradation of the representations of items in memory, the less distinctive representations generated by older adults should be more affected than those generated by young adults.
These results may also be consistent with an age-related binding impairment (e.g., Chalfonte & Johnson, 1996) . In line with this account, aging may be related to a decline in the effectiveness of binding new information to the temporal context (Jonides, Marshuetz, Smith, Reuter-Lorenz, & Koeppe, 2000) or to the list context (Oberauer, 2005) in which it is presented. In the current task older adults might have more problems with binding information, not to the temporal or to the list contexts, but to the figure context in which it was presented. This would be more evident when the information is similar to other information held simultaneously in WM. Binding difficulties in turn might produce more confusion at the moment of recall of information associated with each element in memory.
Older adults' higher susceptibility to similarity between elements held in WM is of particular interest for aging studies as it identifies an additional source of age-related differences in WM. Indeed, current results demonstrated that older adults' WM performance is more susceptible to similarity-based interference, and this higher proneness to interference accounts for age differences beyond the roles of other factors, such as processing speed.
Overall, the results of this research are in line with those of other studies confirming age differences in susceptibility to interference. It is, however, important to note that in the present study, the interference arises from the similarity between the information associated with two objects which are relevant for the task at the same time. In contrast, the interference obtained in other studies may have a different origin. In some cases the interference is caused by the information presented previously in the task but which was subsequently not relevant (De Beni & Palladino, 2004; May et al., 1999) . In order to cope with the different sources of interference, it may be necessary to recruit different mechanisms. Thus, when interference is due to irrelevant information an inhibitory mechanism may be involved (e.g., Borella, Carretti, & De Beni, 2008; Hasher, Zacks, & May, 1999) . However, when the information associated with different contents is equally relevant, as in the current study, it may be necessary to generate and to reactivate distinctive representations of each object and to bind the representations to their context. Moreover, the experiment described here also allowed us to assess the degree to which focus switching affects performance. Results indicated that focus switching increases response time and reduces accuracy in comparison to when the same object is repeated throughout the list. These findings are consistent with the view that the focus of attention in WM holds a single element available for immediate processing (Garavan, 1998; Kessler & Meiran, 2006; Oberauer, 2003) . With regard to age-related effects in access to information, we did not observe age differences in the switching speed, which is consistent with findings obtained in previous studies with the n-back task (i.e., Verhaeghen & Basak, 2005; Verhaeghen & Hoyer, 2007) . Also, with a different numerical memory-updating task, Oberauer et al. did not obtain evidence of age-related differences in focus switching when response times were analyzed (Oberauer, Demmrich, Mayr, & Kliegl, 2001; Oberauer, Wendland, & Kliegl, 2003) . In fact, the only differential effect between the different groups found in this dependent variable was the expected age-related slowing in processing information (e.g., Salthouse, 1996) .
With regard to accuracy, other authors have obtained age-related differences in focus switching using the n-back task (Vaughan et al., 2008; Verhaeghen & Basak, 2005; Verhaeghen & Hoyer, 2007) . This result was not replicated in this study. It should be considered that with the n-back task, the switching effect is obtained by comparing the conditions N = 1 (no switch) and N = 2 (switch); but as well as in switch, both conditions differ in memory load. Whereas in the N = 1 condition, only the information associated with an object must be maintained, in the N = 2 condition two independent elements must be maintained (Oberauer, 2006 , for the same argument; but see Van Gerven et al., 2008) . Therefore memory load could affect the switching effect obtained with the n-back task. However, in the task used here, participants had to maintain simultaneously two objects in both switching conditions. Future studies should address to what extent the memory load or the type of updating task influences age differences in focus switching.
To conclude, the present study offers a unique contribution to the literature by demonstrating that older adults are more susceptible than younger adults to similarity-based interference in WM. These results add new evidence to studies on the interference effects on aging by showing that similarity-based interference affects the availability of information in the focus of attention and that this accounts for age variations in WM. It would be of interest not only to replicate these findings, but also to determine whether the vulnerability to this type of interference is greater with old-old adults, for whom the cognitive decline in WM is more noticeable.
